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ABSTRACT 

An  inductive  energy  storage  system  supplying  a 
high  pressure  gasdischarge  device  is  given.  It  consists 
of  a  500  kj  storage  coil  with  a  scheme  of  commercially 
available  circuit  breakers.  Current  pulses  up  to  10  kA 
of  nearly  rectangular  shape  can  be  formed  for  times  in 
the  range  of  1  to  10  ms.  In  addition  the  set-up  of  a 
high  pressure  gasdischarge  device  and  results  of  a 
characteristic  high  pressure  experiment  are  described. 
Finally  the  results  are  compared  with  those  of  a 
capacitively  supplied  discharge. 


INTRODUCTION 

Gasdischarges  embedded  in  a  closed  tube  can 
generate  high  pressure  pulses  via  heating  processes  by 
taking  energy  powerfully  from  an  electric  circuit.  In 
some  applications,  i.e.  explosively  driven  circuit 
breakers  /I /  or  mass  accelerators  a  substitution  of 
explosives  is  possible  and  desireable  by  electrically 
heated  gasdischarges  /2,3/, 

High  pressure  gasdischarges  represent  loads  with 
variable  impedance.  In  order  to  investigate  such 
discharges  the  power  supply  circuit  usually  consists  of 
capacitors  with  current  limiting  inductors  /3/.  Due  to 
the  interaction  of  the  discharge  with  the  electric 
circuit  a  more  or  less  damped  sinusoidal  current 
waveform  is  obtained  /A/.  The  strong  interaction 
between  load  and  supplying  circuit  makes  the  inter¬ 
pretation  of  the  basic  processes  and  the  investigation 
of  different  parameters  affecting  the  energy  absorption 
and  pressure  generating  processes  difficult.  This 
situation  can  be  improved  by  using  impressed  current 
pulses  from  inductive  energy  stores. 


1.  Experimental  Setup 

Fig.  1  shows  the  set-up  of  the  inductive  energy 
storage  system  with  the  high  pressure  gasdischarge 
device.  The  electric  circuit  consists  of  a  500  kJ  air 
core  coil  L,  a  solid  state  rectifier  and  commercially 
available  circuit  breakers  SI  to  S5.  The  rectifier  is 
connected  via  the  switches  SI  and  S2  and  the  trans¬ 
former  to  the  mains.  The  discharge  circuit  is  formed 
by  the  rectifier,  the  coil,  the  closing  switch  S4,  and 
the  discharge  device.  The  opening  switch  S3,  which  is 
used  to  charge  the  inductive  energy  store,  is  placed  in 
parallel  to  the  rectifier  and  the  coil.  With  the  switch 
S5  connected  in  parallel  to  the  discharge  device  the 
experiment  can  be  short-circuited . 

The  high  pressure  gasdischarge  device  consists  of 
an  inner  concentric  pin  fixed  by  insulating  material 
in  a  containment  tube  made  of  steel.  The  pin,  the 
insulating  tube,  and  the  bore  hole  in  the  containment 
tube  form  a  cylindric  volume.  The  ends  are  closed  by 
two  electrodes.  The  electrodes  are  bridged  by  a  thin 
wire  which  initiates  the  gasdischarge  after  explosion. 
A  high  pressure  sensor  is  placed  in  the  containment 
tube.  The  inner  pin  and  the  containment  tube  are 
connected  to  the  power  supply  circuit  via  a  coaxial 
adapter. 

In  order  to  start  the  charging  process  the 
switches  SI  and  S3  are  closed.  Characteristic  current 
and  voltage  signals  are  shown  schematically  in  Fig  2. 
After  closing  switch  SI  at  t  =  tl  the  coil  is  charged 
from  the  mains.  When  the  current  ILo  is  achieved  switch 
S2  is  opened  at  t  =  t2  (fig.  2a).  The  commutation  of 
the  current  into  the  load  circuit  is  performed  by  the 
switches  S3  and  S4. 

S3  is  a  three-pole  circuit  breaker.  The  poles  are 
connected  in  series  in  order  to  increase  the  total  arc 


Fig .  1 :  Set-up  of  the  inductive  energy  storage  system 
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voltage  generated  by  the  switch.  At  t  =  t3  S3  is  trig¬ 
gered  and  starts  to  separate  its  contacts  igniting  an 
arc  in  each  pole.  Increasing  arc  lengths  during  the 
contact  removal  results  in  an  increase  of  the  voltage 
Us3  as  shown  in  fig.  2c •  When  this  voltage  is  high 
enought  to  commutate  the  current  IL  into  the  load  the 
high-speed  circuit  breaker  S4  is  closed  at  t  =  t4. 
Fig.  2b  gives  the  current  decrease  in  the  opening 
switch  during  the  commutation  process.  Shortly  after 
the  current  commutation  into  the  discharge  circuit  the 
wire  explodes  and  generates  a  voltage  peak  (fig.  2c). 
The  voltage  generated  by  the  initiated  arc  is  assumed 
to  be  constant.  The  wire  which  initially  contacts  the 
electrodes  in  the  high  pressure  gasdischarge  device  has 


t - ► 


Fig.  2:  Current  and  voltage  waveforms  in  the  inductive 
storage  circuit 


to  carry  the  current  until  the  opening  switch  is  able 
to  withstand  the  voltage  generated  by  the  wire 
explosion  and  by  the  following  arc  in  order  to  avoid  a 
reignition  of  the  switch . 

Fig.  2d  gives  the  nearly  rectangular  current 
waveform  in  the  discharge  device  branch  after  a 
successful  commutation.  The  current  rapidly  rises  to 
its  maximum  value  and  remains  nearly  constant  until  the 
switch  S5  is  closed  at  t  =  t5  to  shunt  the  device. 


Mains 


Fig.  3:  Setup  of  the  control  and  measurement  system 

(schematically) 


3.  Control  and  measurement  system 

The  setup  of  the  control  and  measurement  system  is 
schematically  shown  in  fig.  3.  The  chronological 
sequence  of  the  switching  events  is  controlled  by  an 
electronic  pulse  transmitter.  The  minimum  time  delay  of 
its  12  separately  adjustable  channels  is  10  gs.  In 
order  to  avoid  electromagnetic  interference  the  trans¬ 
mitter  is  placed  in  a  shielded  cabin .  The  transmitter 
generates  light  pulses  which  are  transferred  via  photo¬ 
conductors  to  a  receiver.  The  shielded  receiver 
converts  the  light  pulses  into  switching  pulses  for  the 
circuit  breakers.  The  pulse  transmitter  controls  the 
switching  processes. 

The  arc  voltage  is  measured  by  a  high  voltage 
divider  placed  in  the  coaxial  adapter  of  the  discharge 
device.  The  discharge  current  is  measured  by  a  shunt. 
Pressure  measurement  is  performed  by  a  high  pressure 
piezoelectric  sensor  which  is  connected  to  a  battery 
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Fig.  4:  Current,  voltage,  power,  absorbed  energy  and 
pressure  waveforms  of  a  characteristic  high 
pressure  experiment  in  an  inductive  power 
supply  circuit. 


supplied  charge  amplifier.  In  addition  the  current 
through  the  storage  coil  is  measured  by  a  transfo- 
shunt.  In  order  to  avoid  ground  loops  in  the  measuring 
system  the  pressure  and  the  discharge  current  signals 
are  digitized  by  12  bit  1  MHz  A/D  converters  and 
transferred  via  optical  links  to  the  cabin.  A 
receiver-D/A  unit  placed  in  the  cabin  reconverts  the 
signals.  Signal  recording  and  signal  processing  is 
performed  by  a  computer  controlled  digital  scope. 


4.  Experimental  Results 

Up  to  now  experiments  were  conducted  with  the 
inductive  energy  supply  in  order  to  get  information 
about  achievable  pressure  and  voltages  the  device  is 
able  to  withstand.  Fig.  4  shows  the  waveforms  obtained 
from  a  characteristic  experiment.  Discharge  current, 
arc  voltage,  power,  absorbed  energy  and  the  generated 
pressure  are  plotted  versus  time.  The  coil  was  charged 
to  WO  =  40  kj.  The  discharge  volume  of  5  cm  was 
partially  filled  with  water.  After  closing  the  switch 
S4  the  current  i(t)  commutates  in  the  discharge  device. 
It  rapidly  rises  to  its  maximum  value  of  2  kA  and 
remains  nearly  constant  until  the  experiment  is  short- 
circuited  at  t  =  7  ms.  In  the  beginning  the  voltage 
signal  slowly  increases  by  the  increasing  resistance  of 
the  wire  heated  by  the  current.  After  a  short  peak  of 
2  kV  generated  by  the  wire  explosion  the  arc  voltage 
increases  to  a  maximum  of  nearly  6  kV.  The  interaction 
of  the  arc  with  the  evaporated  water,  the  tube  walls 
and  the  electrode  surfaces  leads  to  a  fidget  voltage 
waveform. 

The  arc  absorbs  energy  from  the  electric  circuit 
with  a  maximum  power  of  10  MW.  During  the  current  pulse 
an  energy  of  24  kJ  is  conducted  into  the  discharge. 
When  the  wire  explodes  the  gaspressure  begins  to  rise. 
It  achieves  a  maximum  of  nearly  500  kPa  at  t  =  3.2  ms 
and  remains  nearly  constant  until  the  arc  is  shunted. 
Then  the  pressure  decreases  exponentially. 

In  comparison  the  results  of  another  characteris¬ 
tic  experiment  performed  with  a  capacitive  energy 
storage  system  are  shown  in  fig.  5.  The  supplying 
circuit  consisted  of  a  capacitor  and  a  current  limiting 
inductance  /3/.  For  switching  a  metal-to-metal  switch 
/5/  was  used. 

The  capacitor  charged  to  WO  =  15  kj  was  discharged 
into  the  same  high  pressure  device.  Shortly  after 
switching  the  arc  is  ignited  by  the  explosion  of  a  thin 
wire.  The  current  is  strongly  damped.  Only  one  halfwave 
is  obtained  with  a  maximum  of  63  kA  at  t  =  100  ps. 
After  a  peak  generated  by  the  wire  explosion  the  arc 
voltage  is  nearly  proportional  to  the  current  and 
achieves  a  maximum  of  2.4  kV.  The  discharge  absorbs 
energy  with  a  maximum  power  of  126  MW.  200  ps  after 
ignition  the  energy  conversion  is  completed.  The 
absorbed  energy  of  12.4  kJ  leads  to  a  pressure  increase 
of  nearly  300  kPa  in  the  discharge  volume.  After 
passing  its  maximum  the  pressure  decreases  exponential¬ 
ly- 


Conclusion 

The  comparison  of  the  experiments  with  inductively 
and  capacitively  stored  energy  of  some  ten  kj  supply¬ 
ing  a  gasdischarge  have  demonstrated  the  following: 

with  both  supplies  high  pressures  can  be 
generated. 

-  the  capacitor  delivers  the  energy  into  the  load  at 
a  current  of  60  kA  and  a  power  of  120  MW  in  some 
hundred  microseconds. 

-  the  inductive  store  delivers  the  energy  at  a 
current  of  2  kA  and  a  power  of  12  MW  in  some 
milliseconds. 

-  due  to  the  large  inductance  of  the  inductive  store 
the  current  remains  nearly  constant. 

Generally  can  be  said  that  in  power  supply  cicuits 
described  in  this  paper  the  peak  current  and  its 
duration  can  be  controlled  independently  from  the 
behaviour  of  the  load.  Thus  such  a  supply  circuit  is 
useful  to  investigate  the  high  pressure  generating 
processes  of  gasdischarges  because  the  current  can  be 
kept  nearly  constant  under  different  test  conditions. 
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